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Depreciation Lives for
Telecommunications
Equipment:

Review & Update

Loc;xi exchangs camers (LECsy have over S230 billion mvested in thew net-
works. Over SO% or this investment talls into three categories—outside plant.
circutt and swachie. aeach catezory. tromendous changes are underway wiinch
are obsoleung the bulk o 2xnsung investment and making necessary large amounis
of new nvestment Since elzphone equipment has traditionaliv been ussigned fong
depreciation hives. these cnunges mean that exisung eguinment will be obsolete. uand
likelv out of service. well betore existing investment has been recovered under cur-
rent reculatory depreciation ~chedules. This report revicws our assessment of the
situation and our recommendations tor LEC depreciauon hives,
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Drivers for Change

There are three highlv-interrelated dnivers that are driving change 1n telecommu-
nications: technology. competition. and new services. None of these are rully
accounted for in the traditional approach to regulatory depreciation. This secuon
brieflv reviews these drivers and how they reinforce each other.

Technology Advance

Advances in technologv are providing more efficient and functional ways of
offering traditional telephone services. as well as wireless services. video services.
and new digital communications. Four of the Kev technologies are:

« Fiber in the loop (FITL). including anyv architecture that extends fiber into
the distribution portion of the local loop. The last link to the customer may
be on fiber. copper pairs. coaxial cable. or wireless.

There are a number of architectures that are under consideration or are being planned. A
true consensus has vet 10 emerge on a sinagle FITL architecture. Continuing changes m
rechnology costs. regulauon. business relatonstips. market forecasts. and market share
assumptions probably mean that consensus will be amved at only gradually. ~ Whatever
arcritecture 1s chosen, 1t will displace the vast majority of copper investment.

+ Advanced digital switching. especiallv Asvnchronous Transfer Mode
(ATM) switching.

The next major switching generation. ATM switching, 1s optimized to handle all types of
traffic on the nenwvork efficiently and quickly Todav's digital switches use time dmision
multiplexing 1o connect conunuous streams of diginzed voice or data at 64 Kb/s for tne
auration of a call This is efficient for low-speed. circuit-switched applications such as voice. but
11s unusable or nefficient for high-speed digital appiicauons, especially those with bursty (non-
conunuous) traffic characterisucs. ATM switches, on the other hand, use small fixed-ienatn
packets called cells. Unlike conventional packet switches, ATM switches do not ntroduce
sigmficant signal delay (because of the simple cell structure} which means they can be used for
conunuous. real-ime apphcauons such as voice and videoconferencing. However, since ATM
uses packet switching, it s also good for bursty data traffic. The ability to handle all types of
traffic. at all variable oara rates. not only makes ATM an effictent switch, but 1t 1s aiso ideal for
networked multmedia appiicatons that use all types of communications

J
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* Synchronous Opucal Network (SONET i iransnussion on tiber optic s\ --
tems. inciuding Next Gezrerauon Digital Loop Currier . NGDLC : ~ystems
incorporating SONET.

SONE™ is 2 new formar for organizing informatcn on a f1Der coucs nannd! tnal reoro-.oas
the ne2d for :ntegravna different types cf waffic on tne same par of “pers amcrz s e
advantages are standardizec optcal anc electricai intarracas 1o wniek ail suconers must acners
Another 1s that an ingiviguai information stream on a fiper chnanne! Zan o2 efficientiv separais:
from the rest of the informauon on the cnanne: Wit @ SONET acg-grop mulupiesn2r a,
signal can be extracted with a single piece of equipment without preaking Cown the wnois
signal. SONET add-Crap muitipiexers are already COSt-COmMmDElve with asvnlnrontus 2ouiomen:
and soon will be commoaity items that are integrated N0 alMOSt every Tiece o7 IirCul (3RS
switching) egutpment. This will render regunaam mucn existng Cirduil eQuibimen: mousits
digital crossconnects and muitplexers.

Further with SONET. carriers @an mix-anag-match circut equidmenrs s¢ tnat a3y <ar uss
different manufacturers’ equipment This, of course. prowdes cperaticnal ang eaquipmeari
savings. as weil as more compeution between manufacturers. Later on, SONET interfaces will pe
buiit directly into switches, leading to even more eguipment savings. NODLT systems v
directiy link to switcnes through SONET interfaces. From tne same unit. sOme <nanrsis may b2
connected to other switches or facilities using a built-in SONET add-drop mutuplexer Circuits
could be transferred from one switch to another instantaneously This will aive carners much
more flexibility when 1t comes to dealing with switen manufacturers SONET wili benef:
cusicmers as well as carners. in addition 10 the nherent eccnomic benefits of a more efficiert
network. SONET will provide greater rehiability through 1ts support of fiber ring architactures and
enhanced response time and flexibility i provisioning rniew cnannels.

* High-capacity digital wireless technofogies such as Time Divivion Mulupic
Access ( TDMA and Code Division Multiple Access tCDMAL

These digital wiretess tecnno:ogies can muiuply the canacity of existing celluiar systems bv a
factor of from tnree to 10 and will aiso be utilized with the new. personal cCmmun zaucnc
systems One mpicalon Cf tneincreased capacity 1s Ine ability 10 compete more directy witn
wireiine service

In a nutshell. the benerits of these technologies are reduced operaung costs.
reduced capnal costs. better service. or. In some cases. new services. The tech-
nologies are all well-understood and do not require screnufic. engineering. or eco-
nomuc breakthroughs to pe deplovea. There 16 widespread agreement aoout therr
aenefits and cost targets. \Winje there 1~ some controversy about the detanis and
AMING. there i Consensus that e tuture of elecommunications 1= butlt around
tnese echnotog:es.
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Competition

Competiion has entered the local exchange business. and it will increase
dramatically over the next few vears. So far. most local exchange competition has
centered on the large business customer. Competitive access providers (CAPsi are
alreadv serving large businesses in concentrated areas. and cable television compa-
nies are providing alternauve access for high-bandwidth services. CAPs are
installing the latest. most efficient technology—fiber optics. SONET. and. in cites/
locations where thev provide switched services. modem digital switching.

The next compeutive arena will be the mass market for voice services. Such
competition has alreadyv begun in public phones and. in some states. in inua-LATA
long distance. Two additional, more pervasive sources of competition are cable
television networks and wireless networks, specifically cellular and personal com-
munications services (PCS). Technologies are emerging that will allow voice to be
added to state-of-the-art cable svstems at a cost that is less than on copper pairs. On
a per-subscriber basis. cellular technologies are already less costlv than wireline.
With the new high-capacity digital wireless technologies. such as TDMA and espe-
ciallv CDMA., wireless technologies will also be less costly on a per-minute of use
basis. Exhibit | 1llustrates some of these cost comparisons.

Becuuse thev are more efficient. the new technologies offer very substantial cost
advantages 10 new entrants in local telecommunications. These new entrants can
invest 1n the most efficient modem equipment without regard to an embedded
intrastructure such as the LECs have. This. in turn. will pressure LECs to adopt
new technology quickly in order to stav competitive. Thus. competition remnforces
the technology drivers ana magnifies the obsolescence of the old technology.
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New Services

The third driver is the impending emergence of digital communications services
for the mass market. These services will support both television and computer-
based applications requiring digitized transmussion of text. audio. and sull and
moving 1mages. The applications for these services include advanced fax. com-
puter-based imaging. LAN interconnection. videoconferencing. interactive muit-
media. video on demand. and interacuve television. Today. the market for digital
communications services for these applications is relatuvely small: however. the
potential for growth is tremendous. especially when these services are extended
bevond large business customers.

Ultimatelv. the telephone network will provide full broadband. mulumedia
comumunications services based on three of the technologies we have mentioned:
fiber optics. SONET transmission. and ATM switching. Along the way. inter-
mediate steps will include narrowband Integrated Services Digital Network (ISDN)
and video on demand services. Since some of the new services blur the traditional
distinctions between telephonyv. television. publishing. information svstems. and
computing. they foster a new tvpe of competition focused on the convergence of
these industries. In this environment competiive advantages belong to those
companies that can deliver a package of diverse services for the least cost.  As it
huppens. the new technologies ullow delivery of multiple services at overall costs
that are comparable or less than the traditional delivery mechanisms for the
individual services.

Impacts on Depreciation Lives

Alone. anv one of these drivers would cause significant change in the deploy-
ment of technology. Together. thev are torcing unprecedented change that 15 ren-
dering most of todav's telephone network obsolete. Although saustactory for voice
services. today’s network 1s expensive to operate and offers himuted functionality in
terms of mobility and digital services. It wus optimized and constructed for the age
ot electromechanical and anatog switching and copper cable. an age which tor a
decade has been giving wayv to dignai switching and fiber optics.  Much ot the
equipment placed 1n the last decude s becoming obsoilete n the face of new tech-
notogies such as SONET and ATM. Thus. if LECs are 1o remain viable. they must
reouild therr networks—sooner rather than later.  This necessitates continued.

[e3]
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MASSIVE INVESIMENT 10 new technology that raauires much snorter iives 1for exinng

investment than are currently prescriped by rezuiaton

Weaknesses in Regulatory
Depreciation Methods

The traditional method ror esumatng depreciation ves s 10 2 amind monrtadin
data tor older vintages and assume tat all vintages will experience the same age-
dependent characteristics. For example. 11 60% of the uni~ of u pirticulyr technoi-
ogy installed 1 1983 were stll in senvice i 1989 onIx vears fater. we would
assume that 60% of the unaits nstalled 1in 1990 wouid sull be 11 «ervice 1n 199
(again. six vears later). (This greatly over-simpitfies. but captures tie husic e,
The assumpuon of age-dependent retirements refiacis 4 situation whers wear-ou: or
breakdown drives the replacement process. Under this model. new rechnology 1or
perhaps a new unit of old technology) replaces old technology only when the oid
technology wears out or breaks. This is an accurate model tor some suwuations:  tor
exampie. 1t reflects the wav most companies repiace motor vehicles.

Todav. however. technological obsolescence 1s w mMaIOr cause of retrements 1o
telecommunications tor switching and circwit equipment. and 1y afso expected to be

for outstde plant 1 the neur turure.  (Other drvers—competiton and new
services—are largely retlected o this drivers: Monehtv aniiy s alone v not

appropriate m such a sitwaton. This v made crewr i Exhibre 20 wiuch plos e
VINWge survivor curves tor crosshar swuching.  These wre snufuar o normud
SUIVIVOr curves except that o seoarate mvestment fite ovele s shown oy each
vinlage of equipment. Note tne “avalanche effect” between 975 and 9SO, Durning
this perrod. all vintages experienced sudden and smmullaneous rerements, s

electronic swirching was rapidhy agopted.

One cun ulso see trom the uvalanche curves that. when technotogical obsotes-

cence Is the muor driver for returements. there 1~ no such thing s & constant service

dfe. Equipment purcnased iate mn o tecnnotogy seneration will have o much shoner

life thun a prece of equpment purchased earlier. Further. the expecied service hife
of equipment purchused (a2 in the cyvele 1s ronghly the same as the imvorage remam-
g hie of exisung equipment. 1 hese odservelions are contrary to montulny-based

'

depreciation. but they retlect rechiny
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Most important. until the avalunche begins. life estmates for the old technology
using mortality-based analvsis will be based on an extension of the pre-avalanche
rend and. thus. will be way too long. Not only will the life esumates be wrong.
but thev will be wrong right up to the moment the avalanche begins. To use u
different metaphor. this 1s like paddling a rowboat without ever looking forward.
You are over the talls betore vou know anvthing 1s wrong!

Exhibit 2

Avalanche Curves
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The onginal replacement technology for crosshar switching was analog stored
program control (ASPC) switching. first introduced in the mid-to-late 1960s. Note
that the avalanche of crossbar retirements begins in about 1975, more than five
vears after the introduction of the new technoiogy.
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Also note that very large wmounis o mvasiment were nlade e old reanne.-
ogy very late m o itz ovele. even ater 2 onow onilosogdowas duang
Although this behavior mav seem odd. 10~ Bvpicie O many onnoiegies ane oo
otten be perfectly rauonzl. (For example. miliions o1 456 marsona. comruens b
bean ~old since the introducuon of the replacement wechnoiooy s tha Ponnuny, T o

result irom several tacior:

th The need 10 muintain exisung equipment and servics iaveis

(2 Restricuions on the avaiabiliny of the new technojogy.

(3 High reluuve costs tor the new technology eardy in s ite cvelz.
(4) An inherent bias toward the existing technology.

However. we must keep 1n mund that the last purchases of old technoiogy will have
especially short lives.

An imporntant impiication of this phenomenon is that recent myvestment patterns
in the old technology tell us inttle apout the likely adoption of new technology. even
in the near future. Purchase volumes of the new technoiogy mav be smaller than
those of the old technology almost to the time the avalanche beygine

Using Technology Forecasting to
Estimate Depreciation Lives

Fortunateiv. there urz reitable methods that allow us o torecast nure technol-
ogy changes and. thus. depreciation hves. Developed and texted over many vears
i telecommunications and other mdustries. these methods have proven o be ver
reirable tor rorecastnyg. Ther basis hes moan understanding o1 the process of

technolocy change and tnz use o available dat 1o produce yuanttative torecusts

One technology forecasting miatnod. substriution amitdvsis. has opeen provesn
eftective m protecting the adoption: of new echnologies and the obsolescence or old
echnotogies. Substiiuaon reiers o the displacement o i established technolog
by a newer wechnology wien the new technology provides supstantalls improved
capubthties. performance. or economies. With substituiron, technologicat supernor-

1Y 05 Hhe new 12ennoicss —not Wear-olt—is e drn o or repiucement.
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With substitution analysis, we examine patterns of technology substitution.
The pattern is remarkably consistent from one substitution to another. and is char-
acterized by an S-shaped curve when the market share of the new technology is
plotted over time. Exhibit 3 shows the S-shaped curve for the Fisher-Pry model.
Of the several substitution models available, in general, we have found the Fisher-
Pry model—and its extensions, notably, multiple substitution models based on the
same principles—to be the most useful for forecasting. The adoption of a new
technology starts slowly because, when 1t 1s first introduced, a new technology is
usually expensive, unfanuliar, and imperfect. The old technology, on the other
hand, has economues of scale and is well-known and mature. As the new technol-
ogy improves, it finds more and more applications, it achieves economies of scale
and other economic efficiencies, and it becomes generally recognized as supertor.
The old technoiogy, because of its inherent limitations and falling market sharc.
cannot keep up. The result is a period of rapid adoption of the new technology,
beginning at the 10% to 20% penetration level. This corresponds with a period of
rapid abandonment of the old technology, i.e., the avalanche. Toward the end of
the substitution, adoption of the new technology slows down again as the last
strongholds of the old technology are penetrated.

Since the pattern of how a new technology replaces an old one is consistent, we
can apply the pattern to a technology substitution in progress, or one just begin-
ning, to forecast the remainder of the substitution and estimate the end date for the
old technology. We can apply substitution analysis even in cases where the sub-
stitution has yet to begin by using appropriate analogies, precursor trends, or
evaluation of the driving forces. More information on the Fisher-Pry model and its
application is provided in Attachment 1.
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Exhibit 3
The Fisher-Pry Model
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Experience with the Fisher-Pry Model

Although no torecasuing method 1s pertect. our experience with the model has
been exceilent. Occuasionallv. we compare prior torecasts with subseuuent datd and
new forecasts  These comparisons demoenstrate the accuracy of tie model within

reasonable tolerances

Ancoxampie t~ ctorecast that Technolooy Funees ine TED propared i vy
tor the subsutuon o dimital swnching for anaieg swichimg by mwor LECS
Exhibit 4 <hows the 1939 torecast. and the sohd markers ~how the auta avalable
for the torccast.  The actual dute tor subscauent vears. shown by e hollow
markers. truaces the 1989 torecast within about 1047 and abimost exacthy nuches the
projected ena date. Ouwr eartter jorecusts. datng maci o the mind = FOSO~ - were fess
perfect recurding e \edr-n-vewr Nattern. put accuiateiy torecust the end-date 1o
analog switching to be between 1907 and 2001 This was at o tme when nam
eXDerts thougnt there wouid be no retrements b ol of anaioy ESS swiiches betore
2000
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Exhibit 4
Comparison to 1989 Digital Switching Forecast

Drigrtal Switening (Al Types)
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Source: Technology Futures. Inc.

Comparison of Mortality Analysis
and Substitution Analysis

Substitution analvsis provides better indicators of lives than mortality-bused
methods because substitution anaivsis recognizes that technologicul obsolescence i
the muior driver for reurements. As previousiy noted. analvsis of recent rettrement
and mnvesiment data could not have predicted the rapid retrements ot
clectromechanical switches between 1975 and 1980 (the avalanche shown in
Exhibit 21, Using historical data. a substitution analvsis performed us early as 1970
would have predicted the avalanche. This 15 because substwtion analvsis
recogmzes the early adoptions ot the new technology. in this cuse analog SPC
switches. vears betore significant quantiies of the old technology are retred—and
2ven when large investments in the old technology are sull being placed. The earls
adoptions. corresponding 1o the 1irst. relatvely flat pant of the S-shaped substitution
curve. are often 1or growth applicanons that do not cause significant retirements.

12
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However. they are u precursor for ater repiucemen nrograms that do rosal
retirements. This 15 One reason Wiy subdsutuuon anaiy sis can rredict tne edoe o
the watertall. The steep part of the S-shaped curve. wnere new technoioss o
placed verv rapidly. corresponds to the avalanche of retirements.

The example shown 1n Exhibit 4 again illustrates the power o wehnoiogy foie-
casung. Subsutution znaivses done 1n the mid-to-late [980s predicted the w zlanone
that i~ burving the analeg ESS accounts of the major LECs today

Another important point 1s that substitution analvsis measures technology o
terms of physical units in use. For example. we {orecast access lines 1 somvice o7
equivalent circuuts 1 service. Beside measuring n phvsical unis rather tan do.-
lars. substitution analysis reflects whether u unit of investment is usettl ax opposed
to whether 1t 15 reured. On fundamental principles. usetuiness is the better depre-
ciation measure because it reflects the productive value of an usset.  Also. because
of the potential lag between the end of an asset’s useful life and s reurement.
retirements are typically a late indicator of major changes 1n an account.  Following
the avalanche curves. obsolescence-based retirements show up only after the story
1s almost over. Measuring units in use. on the other hand. provides a leading ndi-
cator.

Why Using Technology Fore-
casting for Life Estimation Is So
Important Now

Throughout the history of telephony. technology advance has caused the
replacement of old technology. as evidenced by previous avalunche curves and S-
shaped substitution curves However there are several tunges that make things an-
terent now . Firstowe are i o pertod where ramd advances o microgfectronios wid
fiber opucs technology wre reshapmg telecommunications econonucs dat an unprece-
dented pace. Second. these chunges are impacting afl parts of the network simuhta-
neouslyv. feading rapidiyv 1o o broadband network architecture that i~ tundamentaliy
different than today's. Third. there are two other drvers. competition and new
services. thar reinforce tne ancady strong eonnoiooy arver. The result will be
simuftaneous avalunche curves occurring 1 all mawor investment categorios aurmg

the late 19008 ang earhy 2000~
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Historically. avalanche curves have been recognized by the regufatory depreciu-
tion process after the fact since traditional depreciation analvsis provides no wayv to
predict them. Since avalanches usually reflect reurements that occur before the end
of the equipment’s prescribed depreciation life. thev create depreciation reserve
deficiencies. In the past. these reserve deficiencies have been recovered by amort:-
zations over future vears. This approach worked satisfactoriiv in the davs when
avalanches were the exception rather than the rule. and when the monopoiv struc-
ture of the industry allowed reserve deficiencies 1o be recovered from tuture rate-
pavers. However. in the new environment. this approach 1s less likelv 10 work.
Capital must be recovered while the investment is still usetul—before it is retired.
The competitive environment wiil not allow LECs to recover investment in both old
and new technologies simultaneously. This means that lives must be accuratelv
esumated as early as possible—before the avalanche begins. and even before
explicit replacement programs are 1n place. This 1s why using technology forecast-
1ng 1o predict depreciation lives is so important.

TFl Telecommunications
Technology Forecasting Studies

Technology Futures has been upplving technology forecasting to the
telecommunications industry since 1984, Much of our telecommunications work
has been supported by the Telecommunications Technology Forecasung Group
« TTFG .. an industry association of major LECs in the United States and Canada
which was formed in 1983, The mussion of the TTFG 1s 1o promote the under-
standing and uvse of technology forecasting technigues. econonuc evaluators. and
engineering models 1o predict and support the continued evolution of the
telecommunications network.  Under TTFG <ponsorship. TFl has produced
numerous major studies on telecommunications technology adoption in a span ot [0
vears. long enough to establish o track record. The list is shown in Attachment 2.

The TFI studies fall into three general categories. First 15 a series of ndustry
studies on the adoption of new technology in the telephone network. We started
doing these studies in 1985 and have issued updates over the vears. The most
recent report. Transformme the Local Exchance Nenvaork: Analvses and Forecusts -
or Technoiogy Change. was 1ssuec 1n 1994 and covers swilching equipment. out-
s1de plant. and circutt equipment.  These studies provide quantitative forecusts of
the udoption of new technotogv—and the replacement of old technologv—in future
Vedars,

14
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Second is a set of seven studies compieted berween 1991 und 1993 on the need
for and adoption of new digital telecommunications services. In these studies. we
assessed the drivers and benefits. as well as the constraints. of new services v pro-
vide appiications such as advancad fax. electronic imaging. mteractive multimedic,
local area network interconnection. videoconterencing. and interaciive (ievision,
We concluded that there is a potential mass market for these appiications. and i
the widespread availability of digital services is required o serve them. We then
developed guantitative forecasts of demand over time for digial services at varnous
data rates. The resuits ot the studies were summarized in our [993 report New
Telecommunications Services and the Public Teiephone Nenvork,

Third are several studies on the effect of competition on the existing investment
in the local exchange network. These studies quantify the revenue losses in voice
services that are likely due to competitors using technologies thut make obsolescent
today’s copper network. The most recent is our 1993 report. Wireicss und Cuble
Voice Services: Forecasts and Competitive Impacts.

A unirving conclusion from these studies is that regulatory depreciation lives ure
much too long. especially given the climate of rapid change we ure entering.

Life Estimates for Telecom
Equipment

The remainder ot this report reviews the TFI industry forecasts for the major
categories of LEC network equipment: outside plant. circuit. and switching. Since
the same basic drivers are present across the naton (technology udvance. compen-
non. and the need for new services). the industry perspective is cenerally applicable
to indinvidual companies. The forecasts are detailed in Transtorming the Local
Exchange Nenvork. The esumuated average remainmg lives ¢t ARLs) reported heremn
huve been updated to Januarv 1. 1993 from the January . 1994 vajues that were
reported in the referenced document. Tabular data for the tforecasts are provided in
Attachment 3.

Metallic Cable

The outside plant s traditionulls spht nto underground. buned. and aeriai
accounts. From the viewpoint of cuable plucement und weuar-out. thic 18 a jogical
categonzation:  bur when technological obsolescence 1s the dnver tor chunge. the
categorization is less useful. In upplving technology torecasting. we have. instead.
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distinguished between interoffice. feeder. and distribution plant. which are spread
among the three traditional accounts.’ We chose this approach because technology
is being adopted differently and at different times in the interoffice. feeder. and dis-
tribution pants of the exchange network.c Also. some of the driving forces of
change are different.

Qutside Plant—Interoffice Cable

At vear-end 1993, the interoffice plant was 96% digial and 74 fiber. as
measured by circuits in use.”.* Thus. there is relativelv litue metallic investment
still being used in the interoffice environment. Almost all new investment 1s fiber
and the metallic carrier share has declined steadily. Exhibit 5 shows the technology
shares over time. Our forecasts indicate that. for the industrv. the interoffice net-
work will be almost 100% fiber by 2000.

Our forecast for the adoption of fiber. and the displacement of non-fiber tucili-
ties. is based on a multiple substitution analvsis of historical data through vear-end
1993 and planning data through vear-end 1995.5 For interoffice copper. the analy-
sis indicates an ARL of 2.9 vears as of 1/1/95.

' hueroriice tacitities conneet welephone company central offices (where the switches are lovated)
with cach other. Feeder tacilities arc cables that extend from a central otfice toward the
ncteghborhoods und business arcas served by the central office. A tvpical feeder cable usually serves
a large number of customers. The disrribunon network exiends from the terminaton ol the teeder
tacthiues to residences and businesses.

- For cxample. most interoffice facilitics today are fiber optic systems, whife most feeder tucilities
arc provided on copper cables. However. the use of fiber optics 1 the teeder network 1~ growiny
rapdiy. In the distribution network. copper cable is by far the most common technology.,
although fiber opuc systems are beginmng 10 be adopied.

* To be more precise. our unis are “cauivaient voice-frequency circuits in use.” although we
usually just reter 1o them as “cerreunts.” For exampie. a voice freguency copper circuit on two or
tour wires counts as one ¢ircuit. Euch vosee freguency equivalent circurt in use on a carricr svstem
1s counted as onc crreunt. Both switched and dedicated circuns are inctuded. For data servaces. cach
64 Kb/s s considered 10 be equivalent 1o one circun. Thus., a leased DS1 hine (1.544 Mbis s
counted as 24 aircuits.

4 Source: Year-end 1993 ARMIS data reporied 1o the FCC.

¥ The mistoncal data tor 1980-1989 1« trom TFI fifes. the historical data for 1990-1993 15 trom
ARMIS reports filed wiin the FCC. and the pianming gata for 1994-1995 15 the werghted average
trom tne seven LECs (represenung over 90 million working access hnes in 1993) that provided us
planning datr. (We used the planning data in our forecast because we have generaliv tound that the
tirst several yvears of planning data s rehabie and improves mid- to fong-range forccasts. |

© See Table 3.1 10 Auachment 3 tor ARL computations.
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Qutside Plant—Feeder Cable

In the feeder plant. Digital Loop Carrier (DLC) systemis hiave peen reducing the
need for copper pairs for many vears. Both metallic-based and fiber-based DLC
svstems have been adopted. although fiber DLC svstems are beginnming to donunate
in the industry. The repjacement of both voice frequency copper cable and meliic-
based DLC systems by fiber optic systems characterize tuture technofogy change
the feeder plant.

Exhibit 5

interoffice Technology Shares
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Exhibit 6 shows the percentage ol access lines served by euch of the major
technology tvpes for the inaustry. The forecuast 15 based on a muitple substitution
analvsis of historical anc cianning data. shown by the markers.” Between 1993

© The mstorical data tor 198G 19405 trom TFL files. the hiswonical data for 199G-1993 5 (rom
ARMIS reports tiled with the FCCLoand ine plunning dutas for 19941995 1« the werghted aserage
from the ctgnt LECs crepresentng onver 100 mullion working access hines in 1993) that provided us
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and 2000. conventional fiber-based DLC will continue to grow. reaching a peak a
about 23% of access lines by 2000. This period will also see the rapid growth of
fiber in the loop (FITL) svstems. which. under the industry middle scenario
(discussed in the next section). are forecast to serve 3% of access lines by 2000.
After 2000. FITL svstems are forecast to rapidly displace all other types of feeder
technologies. serving 30% of access lines by 2004. 905 by 2010. and essentially
all access lines by 2015. Based on these results. an industry ARL of 7.0 1o 7.8
vears (as of 1/1/95) 1s expected for feeder metallic cable. depending on which FITL
scenario 1s chosen.®

Exhibit 6
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planning data. While DLC will conunue to substiute for teeder copper. FITL svstems will also
impact teeaer copper facilities in the same manner it will distribution tacilities. With very few
exeepuons. FITL will require fiber teeder. Thua. we incomorated the FITL adoption into the tecder
multiple substitution anaiysis.

N See Tuble 3.2 in Attachment 3 for ARL computations.
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Outside Plant—Distribution Cable

We use the term FITL to refer to any architecture that extends tiber to an warea o
no more than several hundred customers: the last link to the customer may be or
copper pairs. coaxial cable. fiber. or wireless. There are 2 number of architectures
that are under consideration or are being planned. A true consensus has vet
emerge on a single FITL architecture. Continuing changes in technology. cosix,
regulation. business relationships. market forecasts. and market share assumptions
probably mean consensus will be arrived at onlv gradually. Whatever architecture
1s chosen. it will displace the vast majority of copper investment.

Our analysis of distribution facilities includes three scenarios for the adoption of
FITL. Each of these scenarios is based on composite forecasts ot the demand tor
wideband and broadband digital services. The “early™ scenario assumes that fiber
is deploved rapidly to meet the emerging demand for new wideband services at .3
Mb/s or similar data rates. The “late™ scenario assumes that wideband services are
deploved on copper pairs using interim copper technologies such as Asvmmetrical
Digital Subscriber Line (ADSL) and High-speed Dignal Subscriber Line (HDSL .
and that fiber 1s not rapidiv adopted until the demand for broadband services (43
Mb/s and above) emerges. The “middle™ scenario is an average of the two others.

Exhibit 7 shows forecasts for the demand for wideband and broadband services
from TFI's recent New Sermvices Studv.® Also shown is the reguired fiber
deplovment under the eariv and late scenanos. respectively. The relutionship
between deployment (which determines service availability) and demand i~ derived
from u prior TFI analvsis of the historical availubility and adoption of tour TV-
based services.'" Exhibit & craphically illustrates the averaging process used to
obtain the nmuddle scenario from the other two.
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